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13.  ABSTRACT 

The  construction  of  a  large  diameter  cased  borehole  and  surface  instrument  shelter 
for  the  installation  of  a  high  resolution,  long  term  recording  seismograph  in 
marginal  permafrost  15  miles  west  cf  Fairbanks,  Alaska,  is  described.  Permafrost 
extended  to  a  depth  of  123  ft  and  consisted  of  frozen  silt,  peat  and  sandy  small 
gravel  and  was  underlain  by  a  thawed  gravel  aquifer.  The  first  48  ft  of  16-in. 
hole  was  drilled  with  a  truck-mounted  auger.  A  Failing  1500  mounted  on  a  tracked 
trailer  was  modified  to  accommodate  a  4-in. -ID  kelly,  swivel  and  drill  pipe  so  that 
compressed  air  in  reverse  circulation  could  be  used  for  cuttings  removal.  Air  was 
circulated  by  either  pressurizing  the  annulus  through  a  rotating  seal  or  by  an  air 
eductor  (injector).  These  systems  were  used  to  complete  the  hole  to  92  ft.  Although 
considerable  difficulty  was  encountered,  drilling  rates  of  10  ft/hr  were  measured 
when  using  compressed  air  chilled  to  below  20  F,  shrouded  bits  to  provide  adequate 
bottom  hole  cleaning  and  either  the  eductor  or  the  pressurized  annulus.  The 
latter  is  preferred  since  compressed  air  requirements  arc  much  less.  Eleven  and 
three  quarter  in  O.D.  casing  with  flush,  step-threaded  joints  was  set  using  a  soil- 
water-snow  slurry  as  grout.  Forty  thermocouples  were  installed  in  the  fill  placed 
over  the  casing  and  in  the  ground  beneath  to  monitor  thermal  behavior.  Data  from 
these  are  discussed.  Five  thermistors  attached  to  the  borehole  package  yielded  data 
on  the  ground  temperature  at  the  80  to  85-ft  depth  interval.  Using  these  data,  the 
permafrost  thickness  obtained  by  exploratory  drilling,  and  the  mean  annual  air 
temperature,  the  ground  temperature  profile  at  depth  is  estimated.  This  analysis 
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13.  Abstract  (Cont'd) 

yields  a  ground  temperature  of  about  -1.7  C  for  a 
depth  of  fifty  feet  (minimum  depth  of  zero  annual 
amplitude).  It  is  concluded  that  rapid  constructioi 
of  similar  installations  in  permafrost  regions  is 
feasible,  but  would  present  formidable  logistical 
problems.  Drilling  "big  holes  with  little  rigs" 
in  almost  any  frozen  soil  or  rock  also  appears 
feasible.  However,  considerable  development  work 
will  be  required  on  this  and  other  aspects  of  the 
problem  before  100%  success  can  be  guaranteed  for 
each  hole  started,  considering  the  original 
limitations  arbitrarily  set  on  the  problem;  i.e., 
construction  in  unfriendly  countries,  in  one 
week's  time,  with  air  transportable  equipment. 
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CONSTRUCTION  OF  AN  UNATTENDED  SEISMOLOGICAL 
OBSERVATORY  IN  PERMAFROST 

by 

G.  Robert  Lange 

INTRODUCTION 

The  original  objectives  of  this  entire  project  were  as  follows: 

1.  Sandia  Corporation  was  to  demonstrate  the  feasibility  of  recording  seismic  events  over 
120-day  periods  with  an  unattended  borehole  seismometer  and  recording  equipment. 

2.  USA  CRREL  was  to  demonstrate  the  feasibility  of  rapidly  constructing  the  cased  borehole 
and  adding  surface  fill  in  remote  arctic  locations  where  permafrost  might  or  might  not  be  encountered. 

The  restrictions  that  were  expected  to  be  imposed  on  remote  construction  were: 

1.  Site  selection,  drilling,  surface  construction  and  seismometer  installation  were  to  be 
accomplished  in  one  week. 

2.  The  hole  was  to  have  a  maximum  depth  of  200  ft  and  be  large  enough  in  diameter  to 
accommodate  11-in. -ID  casing. 

3.  Only  air-transportable  equipment,  with  single  pieces  weighing  less  than  20,000  lb,  was  to 
be  used. 

4.  The  location  was  to  have  a  low  level  of  seismic  background  noise. 

5.  Drilling  equipment  was  to  be  able  to  attain  a  rapid  overall  rate  of  penetration  in  any 
material,  including  all  types  of  frozen  and  unfrozen  rock  and  soils. 

6.  Surface  installation  was  to  be  tamper-proof,  or  at  least  tamper-resistant. 

7.  Temperature  range  in  the  instrument  shelter  was  to  be  -40° F  to  ,235°F. 

All  these  restrictions  were  not  imposed  on  the  prototype  since  construction  had  to  be  complete 
before  thawing  of  the  ground  surface  in  the  spring. 

Since  one  of  the  most  .difficult  aspects  of  the  problem  was  the  development  of  a  highly  effective, 
lightweight  drilling  systeem  ^or  holes  of  from  12  to  16  in.  diam,  emphasis  was  to  be  placed  on  its 
development.  However,  it  became  obvious  during  construction  that  the  total  effort  would  have  to  be 
directed  towards  completing  the  installation  before  the  ground  began  to  thaw.  Systematic  trials  of 
the  "big  hole,  little  rig"  equipment,  core  sampling,  and  geothermometry  at  the  site  were  to  be 
delayed  until  the  fall  of  1966. 


SITE  EXAMINATION 

Personnel  from  Sandia  and  USA  CRREL  began  site  examination  for  the  Unattended  Seismological 
Coservatory  on  7  March  1966.  Criteria  for  the  selection  of  a  site  it  lived  local  geology,  seismology 
and  environment.  The  original  criteria  stated  that  the  site  should: 
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Figure  1.  Sue  location  wap.  I)  Alaska  Field  Station,  2)  Chena  Hot  Springs  Road,  •'?)  Eielson  AFB, 

4)  Goldslreum. 


1.  Bn  underlain  by  a  minimum  of  80  ft.  but  preferably  as  much  as  200  ft,  of  fine-grained 
perennially  frozen  material. 

2.  Be  seismically  quiet:  at  least  1  mile  from  roads  and  3  miles  from  railroads,  and  in  minimal 
tree  cover  to  reduce  wind-generated  seismic  noise. 

3.  Have  sufficient  relief  to  provide  adequate  surface  drainage. 

4.  Be  located  on  easily  obtainable  land. 


Initially  it  was  hoped  that  a  site  could  be  selected  that  was  underlain  by  as  much  as  200  ft  of 
perennially  frozen  silt  (the  maximum  to  be  expected  in  the  area).  It  was  assumed  that  frozen  silt 
would  be  easier  to  drill  than  ice-indurated  gravel.  In  the  Fairbanks  area  the  criteria  were  met  only 
in  the  fine-grained  material  in  Pleistocene  valley  sections.  Land  is  easy  to  obtain  in  these  low- 
lying  areas  because  it  is  undesirable  for  agricultural,  residential  or  industrial  use.  Unfortunately 
the.->e  sites  have  a  high  cultural  seismic  noise  level.  The  Fairbanks  area  is  surrounded  by  a  trans¬ 
portation  network  that  is  unique  for  a  remote  northern  location.  The.  network  includes  railroads  and 
heavily  traveled  improved  highways  as  well  as  trails  that  are  used  seasonally  by  all  types  of  off-road 
vehicles.  Agricultural,  construction  and  mining  operations  are  also  sources  of  seismic  noise.  A 
number  sites  that  had  the  proper  geological  setting  were  not  considered  because  of  the  probability 
of  an  intolerable  seismic  background  noise  level  from  cultural  activities. 


SiL  deposits  200  ft  thick  are  not  common  in  the  valleys  of  the  Yukon-Tanana  Uplands,  the  rolling 
land  ad.aeent  to  and  just  north  of  Fairbanks  (Fig.  1).  The  few  areas  where  accumulations  exceed 
100  ft  n  thickness  were  eliminated  because  of  seismic  noise.  Therefore,  the  first  sites  selected 
we  i  imediately  south  of  the  southern  boundary  of  the  Yukon-Tantina  Uplands  where  it  was  hoped  that 
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thick  alluvial  sections  of  frozen  fine-framed  material  would  he  available.  A  description  of  the 
sites  examined  (Fig.  1)  and  a  discussion  of  their  relative  merits  follows. 

Alaska  Field  Station  site.  This  site  was  on  land  which  could  be  easily  withdrawn  from  public 
use  0.7f>  mile  west  of  the  USA  CRRFL  Alaska  Field  Station  in  the  low  marshy  area  enclosed  by 
the  Farmer’s  Loop  Road  (Fig.  11.  The  she  was  u\'  nheiest  because  previous  drill  hole  lops  in  l bi- 
are  a  showed  that  up  to  200  ft  of  frozen  fine-framed  material  was  available.  This  is  probably  the 
maximum  tafflUH  flUeJciu'ss  ufjk’niudftnfl  Ul  ill.  -  Kairbsu  tits  ilistHcl,  fJtn  sitin'  bmrkgmutid  itHtnii  i  fitii  / 
was  performed  by  Sandia  personnel  using  a  surface  geophone.  A  high  background  noise  level, 
based  on  experience  in  the  southern  IS  stall's,  was  recorded  although  the  level  was  still  permissible. 
Coupling  between  t lie  Field  Station  and  the  geophone  site  was  checked  by  dropping  a  1-ton  pile 
driving  hammer  free  fall  about  5  ft  to  t lie  ground  at  the  Field  Station.  The  10,000  lt-lb  signal  was 
easily  detectable  at  the  geophone  site  except  during  one  period  of  relatively  high  wind  velocity. 

Advantages  of  the  site: 

1.  It  had  thick  deposits  of  frozen  fine-grained  material. 

2.  It  was  near  and  easily  accessible  from  USA  CRREL  Field  Station  facilities  and  other  shop 
and  equipment  centers  in  Fairbanks. 

Disadvantages  of  the  site: 

1.  It  had  a  high,  although  permissible,  seismic  noise  level. 

2.  There  was  the  possibility  of  a  higher  noise  level  during  the  summer  months  caused  by 
agricultural  activity  within  V-i  mile  of  the  site. 

Chena  Hot  Springs  Road  site.  Tins  site  (Fig.  1.  2.  3)  was  on  a  floodplain  of  the  Little  Chena 
River  south  of  the  silt-mantled  Yukon  Tanana  Uplands,  approximately  13  miles  from  the  Steese 
Highway  on  the  new  Chena  Hot  Springs  Road.  Since  the  Little  Chena  drainage  heads  in  the  silt- 
covered  uplands  it  was  hoped  that  the  resulting  alluvial  deposits  would  consist  primarily  of  fine¬ 
grained  material. 

Advantages  of  the  site: 

1.  It  was  seismically  quieter  than  any  other  site  monitored. 

2.  It  Wiis  close  enough  to  a  major  road  for  relatively  easy  winter  accessibility. 

3.  It  was  located  on  public*  hind  which  could  lie  easily  withdrawn  from  use. 

Disadvantages  of  the  site: 

1.  After  exploratory  drilling  it  was  found  that  the  perennially  liozett  section  was  not  entirely 
made  tip  of  silt;  it  graded  from  silts  near  the  surface  to  sands  and  small  gravel  with  depth.  The 
depth  of  perennially  frozen  ground  was  approximately  122  ft  (see  next  section).  However,  this  sub¬ 
surface  information  was  not  available  until  after  the  Sandia  seismic  crew  left  Fairbanks  and  initial 
site  examination  was  complete. 

2.  The  site  was  in  a  low-lving  area  that  might  have  been  subject  to  minor  Hooding  during  spring 
runoff. 

Eielstv  AFP  sife,  The  third  site  was  near  the  northern  tuuU  of  Kielsnu  AFIl  i  7U.it ary  Reserva¬ 
tion,  Fig.  1).  The  cultural  and  natural  seismic  noise  levels  were  low  but  the  site  was  found  to  be 
near  a  tank  maneuver  area  and  was  therefore  rejected. 

w>  F  llovriny  rift  lie  kielwm  ftp’ll  sue  u  wa*  nnii*KHa»t  fur  I  he  fLwtiia 

Corporation  seismic  crew  to  return  to  Albuquerque  to  complete  preparation  of  the  down-hole  instrument 
package.  With  the  Kiel  son  site1  eliminated,  only  two  sites  remained  where  seismic  background  noise 
levels  had  been  determined.  To  guard  against  the  possibility  of  both  the  monitored  sites  proving 
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unsatisfactory.  an  additional  site  was  considered.  It  was  located  aliout  I  miles  west  of  tin  Sieuse 
I’.liway  oti  tlu*  southern  margin  of  Hh*  Coldstream  ValU*v  (Kin.  1). 

Advantages  of  the  site 

1.  It  had  adequate  relief  to  provid”  notxi  war -round  surface  drainage. 

2.  Kro/.en  silt  130  ft  thick  was  mduated  hv  a  hole  drilled  :uid  longed  in  tin-  area  by  L.S. 
Snieliinn.  Minmn  and  Ki-fimnn  Company. 

3.  Since  the  site  was  on  the  north-facinn  suh-  of  the  valley,  a  thin  active  layer  could  be 
expected.  thus  improving  summer  traff li  ability . 

I.  Kven  thounli  the  sit<  had  not  lx-en  monitored,  it  was  expected  to  be  seismu  allv  quiet  s.me 
it  e.\ce*.  ded  all  the  required  distances  from  culiur.il  activity. 

Dis.ulv outages  of  the  site 

I.  Trees  were  loo  lunh  in  adjacent  areas  'alitiounh  tree  cover  was  so  sparse  the  site  could 
have  lieen  cleared  easily) 

w.  A  lonn  access  road  was  required. 

Before  the  exploratory  dnllinn  desctitied  below.  it  appeared  that  it«-  order  of  desirabilitv  of  the 
sites  would  be 

1.  Coldstream  site  tassuminn  tt  to  lie  seismically  quiet'. 

■J.  USA  CRRKL  Alaska  1'ield  Station  site. 

3.  C'hena  1  lot  Sprmns  Road  site. 

It  was  unfortunate  that  U  was  necessary  to  rel>  ujuiti  seismic  background  noise  levels  otr  a  tried 
in  winter  when  tliose  durum  the  liinh  cultural  actiutv  |x-rn»ds  of  sus-tn  are  often  mu>  h  timber 
Some  s|x-<  ulatlon  was  made  on  how  the  actIMti  level  would  ( liamre  seasonallv  at  all  of  the  sites 

EXPLORATORY  DRILLING  AND  SITE  SELECTION 

Based  i  tueflv  upon  seismi.  oi.servai  n«ns 
the  (  belia  Mo!  Sj\,n;:s  (toad  si!.-  was  sele.ted 
as  the  first  to  .«•  explored  t.v  dnllllw  4”irf|.  lal 
site  examination  and  evaluation  .  omp]e!.-d 

11  V..\r>  ti  and  preparations  foe  e\p|oc  ,tj*j\  drilhn,; 
w.-je  te-cuii  1 ’•  V.arits  A  win! e:  mad  was  !>uli 
do.- .-d  ttiiu'icti  a!»o-j!  1  tile  spa.se  1::.i»-t  liir 
t t.e  t  !,<  na  Hot  Sjum.-s  Roa.f  *.»  if,.-  site 

I  !;e  ttu«  k-tiaiutiti-d  /  ailing  13  rotarv  dull 

.in  i  ?«•  /*•<!  irj;  t  !*•  sjii 

’»*  V..if «  !t  \  I  liiili:.*:  a.i*«  in»?  !»«•»: ui« 

*if»t  1*  Is  V.:»  fi  i!t:»  •»•  !:**:.  : .  1  •  n  ■  *  %•.»?•  lit,:  * 

<  h  m<  \i,  •»,«  *  *!  sjx»-v!  il? :  1 1 .  ’ .  ► 

*4s  «!<•:.-  -ai'!.  a.  rollrf-t  c>h«*  M*  1 

^ » 1  ?  ^  r.i* !i« :  Mia:.  \  ■: it  ,  si\  JuiMlt'-t!  r  it. 

<>l  ■  n::  s«*tl  aan  1  ! * i i I «*ii  *»\  at.  a*  ! •  1 « 

.ut  la-a!  r. .iti „*•*•  am*  s.  ,*  .1  •  »*♦;!', ;*i.  ; ,  : 

I  h»*  »  uTiin^s  'Acfc  ••\a::  i:.*m!  a:»»!  .1  1  a.i*- 
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Figure  H  Locution  ol  USO  and  exploratory  hole. 


frozen  peal.  s:li.  sand  and  sandy  gravel  i.inauta  in  thickness  from  an  inch  or  two  to  several  feet. 

From  "■  fi  to  the  bottom  of  permafrost  (FdfMlM  ft)  frozen  silt v  sand  with  layers  of  frozen  sandy 
gravel  and  frozen  silt  were  encount-'  d.  The  ar..vel  content  increased  sharply  in  the  final  few  feet. 

It  was  impossible  to  determine  the  hot  tom  of  permafrost  with  more  accuracy  th;ui  •  1  ft  due  to  the 
abrupt  influx  of  jtroundwa.'er  that  >.vcurred  when  permafrost  was  exited.  The  water  rose  to  within 
lr>  ft  of  the  around  surface  and  was  Irozen  a  few  days  latet.  This  prevented  observation  of  equilibrium 
around  temperatures  >n  the  hole,  however,  it  was  expected  that  an  additional  hole  could  be  core  1  at 
the  site  in  the  fall  of  I960  and  that  a  around  temperature  profile  could  be  ob. allied  at  that  tune. 

The  exploratory  drill  hole  was  completed  'S2  M;trch.  Based  on  information  from  this  hole  final 
selection  of  (lie  Ctiena  Hot  Sprites  Road  site  was  made  on  'Jn  March.  Four  quarter  sections  of  land* 
surroundina  the  site  were  withdrawn  from  public  use  (see  Fia.  -.  fi). 


•NF.  quarter  seel.  Ufl  T.  IN.  R.  UK  (contains  sitel 
SF.  quarter  reel,  U(>  T.  IN.  R.  UK 


SW  quarter  sect.  BO  T.  IN.  R.  OF. 

NW  quarter  seel.  .'11  T.  IN.  R.  UK 
Fairbanks  Meridian,  Fairbanks  Base  Line 
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Figure  7.  Rigging  up  modified  Failing  ISOO  or  Alaska  Field 
Station.  Note  special  hex  kelly.  Chiksan  joint,  pull  down 
u  eh  and  chains. 


PREPARATIONS  FOR  "BIG  HOLE”  DRILLING 

Haulage  of  500  yd'  of  gravel  for  surface  fill  and  road  ramp  began  on  '10  March.  Ten-yard-capaeit\ 
grave i  irucks  with  dual  t;uidem  re;ir  axles  (gross  vehicle  weight  approximately  25  tons)  made  about 
10  trips  over  the  still-frozen  surface  with  little  difficult \  and  no  damage  to  the  winter  mad. 

The  Falling  1500  rotary  drill  was  disassembled  lor  modification  for  "big  hole”  drilling  (Fig.  7i. 
The  "big  hole  parts  and  casing  arrived  from  Albiuiuerquo  via  a  (  -51  airctatt  on  1  Apt ll  Modllu  a- 
turn  for  reverse  circulation  was  effected  by  replacing  the  1 1  vin.-ID  kelly,  chuck  and  regular  hex  drive 
quill  with  a  kellv  having  a  hexagonal  surface  outside  and  a  1-in.  round  ID.  Further  the  I'-m.-ID 
drilling  swivel  was  replaced  by  a  l-in.-ID  ''Chiksan  ’  joint*  which  weighed  and  cost  far  less  than  a 
conventional  drilling  swivel.  Because  it  was  necessary  to  remove  the  regular  chuck,  which  is 
normally  used  to  transmit  rig  weight  from  the  hydraulic  ■  vlmders  to  the  keily,  an  alternate  method  ot 
weight  transfer  was  tiecessarv  to  mobilize  all  dead  weight  available  to  the  1-1  Iti-in.  bits.  This  was 
accomplished  oy  the  arrangement  illustrated  m  f  igures  S  and  9  and  described  below.  Three  1  -.-in . 
plates  were  welded  as  webs  to  the  Chiksan  joint  and  a  hole  was  drilled  in  eai  It  web.  The  hole  in 
the  upper  web.  which  was  aligned  longitudinally,  was  used  to  attach  the  Chiksan  swivel  joint  to  the 
main  hoist  line  m  order  to  raise  and  lower  the  drill  string.  The  two  laterally  oriented  webs  were 

•A  fluid  handling  swivel  pipe  joint  with  sealed  bearing  for  fluid  handling  applications. 


10  COSSTHUCTION  Oh  AN  USA!  TENDED  SFISMOLOC.IC  AL  OUSERV ATONY  IS  I'FKM Ah  ROST 


C»«ikSAN  S*ivl  i  jOi^t  r 

•  **>  •*« r.  •  *  c*»a  *■  --5  V  »« 
n»  yia  (*«5  *» 


Figure  S.  F.iihng  I  Mil)  ir.uler  mutinied  dull  rig  uith  moditic.it  ion' 
lor  drilling  l.irge  dt.imeier  holes. 


attached  lo  ',-in.  (  hams  which  m  tutu  were  attached  to  the  top  ot  the  hydraulic  feed  yoke.  Thus, 
the  hydraulic  feed  system  was  available  to  apply  putt  of  the  weiuht  of  the  r it:  to  the  hit. 

Two  schemes  for  dnllinp  "bn:  hole”  with  reversed  circulation  ol  compressed  air  were  proposed 
m  the  eiipineerinp  study.  Usinp  the  picssunzed  annulus  method  compressed  air  flowed  down  the 
annulus  to  the  hit  where  cuttings  were  picked  up.  The  cuttings  were  then  catrted  up  the  inside  ol 
the  -l-in.-ID  drill  pipe  and  kelly,  around  the  swivel  and  disc-hatred  thruuph  an  exhaust  hose. 

We  also  proposed  to  experiment  with  the  use  of  an  air  injector.  01  eductor,  on  the  exhaust  end 
of  the  same  circulation  system  deseribeu  above.  Nepal ive  pressure  is  created  m  a  tinxinp  chamber 
behind  carefully  designed  ultrasonic  nozzles  which  are  supplied  with  1200  ft*  min  of  primary  air  at 
100  psip  (see  Fip.  8b.  Sc).* 


•The  (-(luclnrs  were  designed  by  Prof.  Robert  C.  Dean,  Create  Inc..  Hanover,  N.ll.  and  described  in  lb  el  r  report 
to  CKKKL:  Create  Re|>orr  N-f>8,  Drill  Hole  Cleaning  Ejector. 
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Mir  film  inr  t,,r  reverse  i  ireiil.uion  ft.irv  drilling. 
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c.  Reverse  circulation  of  .iir-ciluctor  scheme. 
Fifiiire  S  (Corn 'ill. 
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Fillin'  R.  Detail  dI  Chiksan  swivel  lotni  with  web  modifications. 


Figure  10.  Expedient  rotating  pressure  seal  (rubber  kellv  wiper). 


Figure  II.  Expedient  rotating  pressure  seal. 


An  expedient  annual  seal  was  fabricated  in  USA  CRRKL  shops  at  Fairbanks  (Fig.  10.  Ill  for 
use  with  the  pressurized  annulus  system.  Modification  of  the  drilling  equipment  was  completed  on 
5  April. 

“BIG  HOLE’’  DRILLING 

Augerlng 

There  is  no  way  to  accurately  predi<  t  "breakup."  that  is.  the  thawing  of  the  active  layer  in 
spring.  When  this  occurred,  the  winter  road  from  the  highway  to  the  site  would  become  impassable 
to  wheeled  vehicles,  especially  heavily  loaded  trucks.  Therefore,  it  was  decided  to  use  the 
Williams  Auger  (ID-50,  capacity:  36-in.  hole  to  50  ft)  to  drill  the  first  50  ft.  Accordingly,  a  2-ft 
gravel  pad  was  constructed  and  on  7  April  the  truck-mounted  auger  was  taken  to  the  site  and  -18  ft 
of  16-in.  hole  was  drilled  in  about  5  hours  using  an  Alaskaug  bit  (Fig.  12,  13). 

At  a  depth  of  -18  ft  an  explosion  occurred  in  the  hole.  There  were  no  injuries  or  damage,  hut 
a  sheet  of  orange  flame  several  feet  high  came’from  the  hole  collar  and  the  crew  heard  and  felt  the 
blast.  The  exact  cause  of  this  is  not  certain.  Gas  (probably  methane)  Iron)  decaying  organic  material 
may  have  accumulated  in  the  seniipermeable  frozen  gravel  and  been  ignited  by  sparks  from  the  augei 
hit,  as  has  previously  happened  in  the  Fairbanks  District.  Before  drilling  began  the  following 
morning,  a  lighted  rag  was  dropped  down  the  hole  hut  apparently  no  additional  gas  had  accumulated. 

Rotary  drilling 

The  modified  Failing  1500  was  moved  on  the  hole  11  April  to  deepen  it  to  85  or  90  ft  (Fig  11). 
Initially  two  600-ftVmin  compressors  were  used  to  drive  the  •1-in.  eductor  (Fig.  15).  The  Grant 
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Figure  16.  15-inch  Grunt  Simplex  bit;  note  beginning  of  build  up  of  frozen 

silt  particles  on  teeth. 


Simplex  15-in.  bit  (Fig.  16)  and  a  14-in.  Alaskaug  (modified  for  reverse  circulation)  were  used  in  the 
first  attempts.  Progress  was  very  slow  due  to  frequent  halts  to  clean  the  drill  pipe  and  bits. 
Clogging  occurred  chiefly  when  the  cuttings  were  finer  grained,  i.e.  of  frozen  silt  (Fig.  16),  and 
appeared  to  be  less  of  a  problem  when  the  cuttings  consisted  of  frozen  sand  and  gravel.  Also, 
clogging  appeared  to  be  a  function  of  temperature.  As  the  temperature  of  the  ambient  air  entering 
the  hole  annulus  (and  eventually  flowing  up  the  pipe  carrying  the  cuttings)  rose  to  near  the  freezing 
point,  clogging  occurred  more  rapidly  and  frequently.  Similar  effects  have  been  observed  when 
conveying  snow  pneumatically  and  when  drilling  in  frozen  silt  with  chilled  compressed  air  in  the 
normal  direction  of  circulation.  No  simple  explanation  is  offered  for  this  curious  and  irritating 
phenomenon.  It  would  seem  unreasonable  that  cuttings  of  frozen  fine-grained  soil,  or  snow  for 
that  matter,  should  agglomerate  or  clog  at  pipe  bends,  etc.  when  the  entire  system  (cuttings,  air  and 
pipe)  appears  to  be  at  temperatures  below  freezing.  This  does  not  occur  when  the  transporting  fluid 
is  liquid. 

Slightly  better  results  were  achieved  with  bits  provided  with  shrouds  to  distribute  air  flow  over 
the  entire  hole  bottom,  such  as  the  Smith  rock  bits.  Also,  it  was  felt  that  if  larger  cuttings  could  be 
produced,  clogging  might  be  minimized.  For  these  reasons  a  finger  drag  type  bit  with  air  ducting 
shrouds  was  fabricated  in  the  Alaska  Field  Station  shop  (Fig.  17).  However,  clogging  occurred  when 
using  this  bit  as  well. 

Until  this  time.  17  April,  air  had  been  circulated  solei.v  bv  the  air  eductor.  This  meant  that 
,i... merit  air  was  drawn  into  the  open  hole  annulus  and  used  to  drive  the  cuttings  from  the  bit  up  the 
pipe  and  kelly,  around  tin*  swivel  and  out  the  exhaust  hose.  The  weather  at  the  tune  was  warn. 
(Table  It  is  also  likely  that  although  the  air  temperature  measured  in  a  shaded  instrument  stutter 
was  tielow  freezing,  the  kellv  and  swivel  received  enough  solar  radiation  to  raise  the  temperature  if 
their  inside  surlaces  to  above  tree /.it, g.  thereby  causing  cuttings  to  melt  and  agglomerate  For  these 
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Figure  17.  Field  fabricated  (ingertype  drag  bit  with  shrouds. 


reasons  t he  compressed  air  refrigeration  equipment,  which  consisted  of  a  5-ton  Freon  compressor 
driving  a  brine  (glycol)  to  drilling  fluid  chiller  (Fiji;.  IB)  was  mobilized  and  an  expedient  rotating 
pressure  seal  was  fabricated,  in  preparation  for  drilling  with  the  pressurized  annulus  scheme. 

Details  of  the  field-fabricated  seal  are  shown  in  Figures  10  and  11. 

In  spite  of  the  care  taken  in  preparing  it  for  this  operation  the  refrigeration  equipment  was 
damaged  during  the  drilling.  Also,  the  weather  was  warming  rapidly  (note  wanning  trend  starting  on 
15  April,  Table  I).  The  combination  of  warm  ambient  air  temperatures  and  refrigerator  damage  pre¬ 
vented  the  delivery  of  air  cooler  than  about  26'F  to  the  annulus  and  the  resulting  difficulties 
reported  above  prevented  appreciable  progress.  Also  at  this  time  the  access  road  began  to  show 
signs  of  thaw. 

The  expedient  rotating  pressure  seal  worked  well.  The  pressure  loss  in  the  entire  system  was 
about  5  to  6  psi  at  80  ft,  which  was  approximately  the  calculated  design  value.  The  seal  contained 
this  pressure  satisfactorily;  further,  as  soon  as  clogging  started  in  the  bit  ports,  the  seal  leaked 
and  this  leakage,  being  easily  detected,  quickly  called  attention  to  incipient  bit  plugging  that  would 
otherwise  have  gone  unnoticed. 

After  sunset  at  about  2000  hours  on  19  April,  the  ambient  air  temperature  dropped  rapidly  to 
about  15  F.  Using  the  Smith  IT1!- in.  shrouded  rock  bit.  tin*  hole  was  advanced  from  77  ft  to  92  ft 
in  less  than  1  'A  hours.  Short-time  drilling  rates  of  over  10  ft /hr  were  recorded,  no  bit  plugging  or 
clogging  of  the  pipe  was  noted  as  the  bit  penetrated  frozen  gravel,  sand  and  silt.  Up  to  this  point 
two  compressors  (a  total  of  1200  ft’  min)  had  been  used;  however,  once  it  was  clear  that  the  hole 
could  now  be  completed  to  a  satisfactory  depth,  one  compressor  was  shut  down  and  600  ft’  min  was 
found  sufficient  to  carry  2-  to  3-in.  gravel  particles  up  the  -1-in.  pipe.  This  also  verified  design 
calculations. 


Table  I.  Summary  of  weather  during  USO  construction,  Alaska  Field  Station. 
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Figure  IS-  Compressed  mr  retrigeruUun  equipment. 


DISCUSSION  OF  'BIG  HOLE”  DULLING 

While  very  little  "big  holt-”  footage  (M  It)  was  drilled  with  lie  lightweight  reverse  cm  til  at  ion 
rotary  equipment,  the  initial  difficult ies  eneotititered  and  the  final  sueeess  nave  inhumation  that 
will  be  of  value  if  installation  ot  USO's  in  penuafrost  is  seriously  eonsidered  again.  or  if  any  drilling 
project  is  attempted  in  permafrost  where  "bit:  holes”  with  uttle  rips  are  required. 

Eductor  vs  pressurized  annulus 

The  eductor  scheme  is  convenient  because  the  annulus  of  the  hole  is  open  at  the  top  and  there 
is  no  need  to  install  and  remove  the  pressure  seal  each  time  a  joint  of  pipe  is  added  and  whenever 
the  string  is  removed  from  the  hole.  Bolls  were  used  to  clamp  the  seal  to  the  top  of  the  sutl'ace 
casing,  but  quick  acting  clamps  could  have  been  used  to  eliminate  this  inconvenience.  Sun  <  the 
eductor  system  requires  that  ambient  air  be  drawn  down  the  hole,  there  is  no  way  to  <  ontrol  the 
temperature  of  the  air  circulating  in  the  drill  string.  It  seems  clear  that  drilling  with  t In ^  system 
cannot  be  accomplished  at  ambient  air  temperatures  above,  say,  20  F.  Further,  the  system  requires 
a  great  deal  more  compressed  air  than  the  pressurized  annulus  at  least  1200  ft'  min  at  HiO  psig 
tor  the  4-in . -  ID  drill  string  and  the  l-tn.  educ  tor 

■’he  pressurized  annulus  m  lieir.e  has  a  mm'1  c  o!  .i.ivantages.  First,  it  requires  oniv  <’>('0  f  *  mm 
of  air  at  no  mote  than  about  I">  n  2t-  psic  ti,  ”00--  O  - : •  L  l-m.-'.P  drill  pipe  T'  ••nuld  N 
quite  easily  accomplished  with  low  pm>>ur  •,  .  ...  .  ,,'Sme,!  , .i  •  > :  .*  .  ■  ■  '  ' 

than  the  1 10  psiu  standard  iroiistriH  t ion  tyjM  .  i-  :  i ..  .  1  ..;  .  •■!•  '■  >. 

controlled  (with  properly  functioning  lefric  ■  >;  . «•  • 

.ie  ,u  complished  in  summer  wc.gn.  r  with  a  ’•-'m  .  " 
ev>*r  among  o'tiet  thincs.  ’he  .dim. urt.u  e 
would  have  to  be  *-hielded  trem  m'I.u  t. uii.tr; 

UI  lliltig  would  lie  lea  tide. 


,  "1  .• 
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Rig,  bits  and  other  equipment 

Tin-  :iin.:  |  rig  served  well  as  an  expedient  to  drill  the  one  hole  required  and  would  have  been 

adequate  lot  tv  additional  drilling  trials  that  were  proposed  by  USA  C’RRRL.  Alter  only  limited 
experietiee  with  this  particular  drilling  problem,  a  reverse  circulation  compressed  air  system  would 
be  recoiniiieiid.  il.  A  moie  suitable  r  154  could  probably  be  obtained  or  fabricated  from  easily  avail¬ 
able  compote!.'  -  inn  it  is  beyond  the  scope  of  this  report  10  develop  the  design  criteria  for  such  a 
ru:. 

Bits  designed  tor  reverse  circulation  of  water,  such  as  the  Alaskaug  reverse  circulation  water 
well  bit,  are  not  suitable  for  use  with  reversed  circulation  of  compressed  air  because  the  air  (low 
is  not  directed  ov.  r  the  entire  hole  bottom  for  proper  bottom  hole  cleaning.  The  Grant  Simplex  bit 
(Fig.  16)  appear  to  have  fair  ducting  characteristic-  but  was  not  used  under  the  favorable  air 
temperature  conditions  required  for  proper  evaluation.  The  shrouded  (ducted)  Smith  rock  bit  was 
the  only  bit  used  during  the  last  1:1  ft  of  dulling  when  acceptable  rates  of  penetration  were 
maintained.  It  appeared  to  he  correctly  designed  for  reverse  circulation  of  compressed  air.  Bottom 
hole  cleaning  has  been  a  problem  in  the  recent  rapid  development  of  "truly  big  holes"  (4-  to  10-ft- 
diani)  and  some  novel  bottom  hole  cleaning  systems  have  been  devised  which  might  be  applicable 
to  our  "little  rig.  big  hole”  problem.* 

The  4-in.  bolt-flanged  coupled  pipe  worked  well  and  was  more  convenient  to  make  and  unmake 
than  was  expected,  partly  because  of  t lie  use  of  an  air-driven  impact  wrench  (Fig.  19).  Threaded 
drill  pipe  and  power  tongs  should  be  reconsidered  for  future  development.  Threaded  drill  pipe  up 
to  12  in.  ID  is  in  common  use  in  the  "truly  big  bole"  industry.*  The  substitution  of  the  Chiksan 
join'  for  the  rotary  swivel  was  also  satisfactory  but  a  longer  radius  bend  would  have  eliminated 
some  clogging  of  the  drill  string. 


•  Samuel  sun.  W.V.  el  .1 1 .  1  1006)  Construction  techniques  and  costs  for  underground  emplacement  of  nuclear 
explosives.  f.S.  Army  Kngir.ccr  Distnet.  Port  Worth.  Texas,  for  t’.S.  Atomic  Knergy  Commission. 
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Figure  20.  Setting  casing. 


CASING 

The  llVi-in.  ID  v  113/K)D  step-threaded  flush  joint  casing  was  set  on  21  April  (Fig.  20).  Before 
the  blind  bottom  casing  was  lowered  into  the  hole,  15  ft’  of  a  weil-mixed  slurry  consisting  of  silt, 
water  and  snow  was  poured  into  the  hole.  The  temperature  of  the  slurry  was  close  to  32  F  and  it 
had  a  total  water  content  (water  and  snow)  of  75%  (weight  water/weight  dry  soil).  After  the  slurry 
was  poured  the  casing  was  forced,  by  its  own  weight,  into  the  hole.  The  casing  forced  the  slurry 
into  all  available  space  and  minimized  the  formation  of  voids  in  the  narrow  (1-in.)  annulus  between 
the  casing  and  the  hole  wall.  Fifteen  cubic  feet  of  slurry  was  calculated  to  be  enough  to  fill  the 
lower  44  ft  of  1314-in.  hole.  Although  the  weight  of  the  casing  exceeded  its  buoyant  force,  some  of 
the  weight  of  the  rig  was  placed  on  it  overnight. 

The  following  day,  32  ft  *  of  slurry  consisting  of  sand,  34-in.  gravel,  water  and  snow  was  poured 
in  around  the  casing.  About  80  lb  of  dry  ice  was  dropped  to  the  bottom  of  the  casing  to  hasten  freeze- 
back.  The  coarser  upper  backfill  settled  into  the  silt  slurry  below  and  displaced  some  of  the  silt 
to  the  surface  before  the  backfill  froze.  The  total  water  content  of  the  upper  backfill  was  15%  and 
the  volume  of  total  water  (water  and  snow)  in  the  backfill  was  about  20  ft*.  The  casing  did  not 
move  appreciably  after  it  was  set  and  the  backfill  was  probably  frozen  in  a  day  or  two.  Later  a  check 
of  the  plumbness  showed  the  casing  to  be  about  0.2°  from  plumb.  A  total  of  102.85  ft  of  casing  was 
set,  five  joints  of  18  ft  each  plus  one  short  joint.  The  casing  was  initially  cut  off  (22  April)  at  a 
total  length  of  94  ft.  It  was  again  cut  shorter  after  the  surface  instrument  shelter  was  installed  over 
it. 

The  step-threaded  joints  worked  very  well  (Fig.  21)  and  in  spite  of  the  higher  cost  are  much 
to  be  preferred  over  field  welding  for  many  applications. 


t,  i#  ludrUli  t 
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SURFACE  CONSTRUCTION 

Tin?  bore  holt?  seismometer  package  arrived  by 
C-17  on  21  April.  The  drill  rip  was  moved  off  the  hole 
on  the  22nd  and  the  thermocouples  were  placed  in  the 
shallow  holes  and  in  the  fill.  The  final  location  of  all 
thermocouples  and  the  cable  layout  arc  shown  in 
Figures  22  and  2.‘J. 

Surface  fill  and  instrument  shelter 

The  instrument  shelter  was  placed  on  the  gravel 
pad  and  leveled  on  22  April.  Care  was  taken  m  final 
finish  of  the  surface  fill  m  order  to  furnish  a  model 

Figure  2:1.  Themiocouph >  cable  layout  which  closely  resembled  that  used  in  the  engn . ting 

and  shallow  sample  hole  location,  June  study,  m  order  to  validate  predictions  of  heat  flux 

1  ■%'<>'  I plan  view).  through  the  till  and  resulting  shelter  temperatures  which 

approached  critical  values  for  recorder  performance. 

The  sand  leveling  course  which  was  originally  specified 
was  omitted  but  this  is  not  considered  important.  Additional  theimoeouples  were  taped  to  the  out¬ 
side  of  the  instrument  shelter  (Fig.  21).  The  gravel  fill,  winch  had  been  stockpiled  at  the  site,  was 
then  placed  around  the  surface  shelter  with  a  D-8  bulldozer.  Fair  compaction  was  achieved,  at 
least  in  the  lower  lifts,  by  the  tractoi  tracks.  Because  of  the  •  op  slopes,  the  upper  lifts  had  to 
be  placed  by  hand.  It  is  estimated  that  the  design  values  fot  fill  density  ( 10S-1 2n  lb  ft’)  and 
moisture  content  (2-2",',)  were  achieved.  At  this  point  it  appeared  that  the  fill  was  a  little  short  of 
the  design  volume,  this  was  confirmed  by  cross-sectioning.  By  scraping  up  spilled  gravel  around 
the  site  and  using  peat  judiciously,  most  of  this  deficiency  was  compensated.  The  tesults  of  final 
cress -.set 'Unmug  (Fig,  22l  show  dotti  i  •cuespotulowe  to  the  tlesigu  volume  md  ship's  It  was 
impossible  to  haul  more  fill  because  of  the  load  restrictions  temporarily  in  foice  to  protect  the 
highway  pavements  during  the  spring  thaw.  The  "as  built"  positions  of  the  propane  tank,  thermo- 
*.'le’."  • 1  -•  .’<•  r,  v  •:  ••  ••  ■•  e  2  ig  ejid-i . .  ■  c'.kw  ,  itt  Figuiec  22  an  !  2'1. 

The  borehole  seismometer  package  was  placed  in  the  hole  and  locked  2  ft  from  the  liottom  of  tl ** 
casing  on  26  April.  The  Williams  Auger  was  used  to  transfer  the  package  from  the  truck  trailer  to 
the  top  of  the  borehole  (Fig.  2b).  Before  the  package  was  lowered  into  the  hole,  five  USA  CRRF.L 
thermistor  probes  were  taped  to  the  outside  of  the  unit  (Fig.  26,  27).  Three  thermocouples  were 
placed  in  the  surface  instrument  shelter  to  monitor  the  air  temperature  (Fig.  28).  Leads  for  these 
Iheiiliot  ouples  and  the  borehole  package  thetmistots  wele  earned  uul  Ol  the  llisil iimelit  shutter 
through  the  4-in.  conduit  (which  also  contains  the  power  cable  from  the  generator  to  the  recorder 
itttilulcl  to  I'hi1  l (uu-i.ij  eim-blr  jf  ufililiHi  were  luiuerl  in  tit**  nuH’ae**  Full  at  the  K>>  m'  "(tv 

slope,  between  the  generator  and  the  switch  box  (Fig.  23).  Peat  was  spread  over  the  mound  so 
that  the  surface  could  be  seeded.  This  was  accomplished  by  1  May  and  the  shelter  was  locked  on 
2  May  (Fig.  29). 

FLOODING 

On  5  May  the  water  began  to  rise  at  the  site  and  the  entire  Chena  drainage  basin  began  to  floi  \ 
Since  local  flood  control  officials  predicted  that  a  crest  several  feet  higher  than  prevailing  water 
levels  was  dire  Hi  a  tvapl,:  uf  weeks  H  W*s  ■dvci  leti  fu  pr/fidt?  suine  ptufeeHufi  for  thr  rust  all  a*  km. 
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Figure  27.  Locution  ol  CRREL 
thermistors  (T)  on  USO  borehole 
package. 


With  the  assistance  of  the  Resident  Engineer  and  a  troop  unit  from  Fort  Wainwright,  a  sandbag 
dike  winch  afforded  about  2  ft  of  freeboard,  backed  by  a  polyethylene  sheet,  was  constructed  during 
the  night  of  6-7  May  (Fig.  30).  Apparently  the  flood  crested  that  same  night.  An  aerial  inspection 
(Fig.  31,  32)  revealed  that  several  beaver  dams  were  interfering  with  the  drainage  at  the  site.  The 
dams  were  partially  destroyed  with  hand  tools,  effecting  a  noticeable  drop  in  water  level. 


TERMINAL  ACTIVITIES 


The  Sandia  team  revisited  the  site  on  17  May  and  an  ARPA  representative  inspected  the  site  on 
the  18th.  Grass  seed  was  sown  on  the  peat  cover  on  31  May. 


The  area  around  the  base  of  the  fill  and  the  undisturbed  ground 
of  thaw  in  mid-August  and  it  appeared  that  the  construction  activity 
depression  of  the  permafrost  table. 


nearby  was  probed  for  the  depth 
had  caused  no  substantial 
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Figure  28.  Northwest-southeast  section  of  USO 
shelter  showing  ini  * rior  thermocouple  (C,  D,  &  El 
locutions. 
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Figure  29.  Installation  complete. 
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Inst. ill. ilmn  several  tins  s  ;i/fcr  //<««/  crest  sluncuift  si  mil  linn  dtk 
ninl  plastic  sheet. 


lKitr  i 


Figuro  View  of  site  in  October  1966. 
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DISTANCE  IN  FEET  FROM  t 

Figure  34.  Isothermal  profile  (  F),  31  May  1966.  Probes  were  believed  to  he  in  equilibrium  with 

surrounding  media  by  this  dale. 


Figure  33,  taken  in  October  1966,  shows  an  absence  of  grass  and  some  peat;  the  seed  and  some 
of  the  dry  peat  were  probably  removed  by  the  wind  during  the  unusually  dry  summer. 


THERMAL  PERFORMANCE  AND  SETTLEMENT  OF  THE  FILL 
Temperature  data 

A  CRREL  Special  Report.  The  Thermal  Performance  of  an  Unattended  Seismological  Observatory 
Near  Fairbanks,  Alaska,  by  Richard  Berg  covers  the  entire  two-year  period  of  seismic  and  thermal 
records.  Weekly  temperature  values  were  obtained  with  the  40  thermocouples  in  the  fill  and  in 
shallow  subsurface  holes  (Fig.  22),  3  thermocouples  in  the  instrument  shelter  (Fig.  28)  and  5 
thermistors  located  on  the  borehole  seismometer  package.  A  continuous  record  of  the  outside  ambient 
air  temperature  was  obtained  witli  a  thermograph  located  in  a  standard  meteorological  instrument 
shelter  about  100  ft  south  of  the  fill.  Four  isothermal  profiles  for  May-December  1966  are  presented 
in  Figures  34-37.  Weekly  temperatures  inside  the  instrument  shelter  and  average  daily  outside  air 
temperatures  for  t lie  same  period  are  shown  in  Figure  38. 

Additional  subsurface  data 

On  8  August  1960  Mr.  Paul  Sellmann  of  USA  CRREL  sampled  two  holes  at  the  site  to  depths 
of  4.9  and  6.1  ft.  The  location  of  these  holes  is  shown  in  Figure  23  and  a  descriptive  log  of  the 
materials  encountered  is  presented  in  Figure  39.  Laboratory  tests  show  that  volumetric  ice  contents 
average  70”,',  in  the  frozen  peat,  which  extends  to  a  depth  of  3. 6-4.0  ft  (Sellmann,  personal  communica¬ 
tion). 
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Figure  35.  Isothermal  profile  (  F),  13  Sept  11)66  (maximum  thaw  penetration). 


N  A 


GRAVEL  PAO 

Original  ground  surface 


NATURAL 

GROUNO 


-flOO 


L  ] 

.  1  .  -.J _ _  .  I 

5  0  5 

DISTANCE  IN  FEET  FROM  £ 


Isothermal  profile  ("F),  28  Oct  1966.  Measurements  on  this  date  showed  8  in.  of  settle- 
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Figure  36. 
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Figure  39.  North  und  south  shallow  sample  holes  (data  from 
P.V.  Sellmann). 

Sundiu  personnel  entered  the  shelter  in  lute  October  and  measured  nearly  8  in.  of  settlement, 
i.e.  downward  movement  of  the  floor  of  the  shelter  relative  to  the  top  of  the  90-ft  casing. 


Discussion 

The  maximum  depth  of  thaw  (Fig.  35)  is  about  3  ft.  Thus,  the  settlement  amounts  to  about  25% 
of  the  thawed  depth.  Sellmann  (personal  communication),  using  empirical  data  from  load  tests  on 
peat  in  other  locations,  estimated  that  t lie  settlement  should  be  between  25%  and  35%.  While  these 
data  appear  to  be  in  rough  agreement,  the  isothermal  plot  of  28  October  (Fig.  36)  shows  that  the 
temperatures  at  all  of  the  subsurface  probes  were  below  freezing.  This  suggests  that  most  of  the 
settlement  had  probably  taken  place  by  13  September  for  the  following  reasons.  Since  heaving  is 
caused  by  the  freezing  of  the  soil  it  only  occurs  as  the  soil  freezes.  Therefore,  since  all  of  the 
probes  below  the  floor  of  the  shelter  indicated  below-freezing  temperatures  on  28  October,  no  further 
heave  or  settlement  would  take  place  until  t he  next  summer.  In  view  of  the  above  considerations,  it 
is  quite  possible  that  more  than  8  in.  of  settlement  had  occurred.  Settlement  the  following  summer 
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would  probably  bo  somewhat  less  than  the  8  in.  observed  and  deduced  for  summer  1966.  We  do 
know  that  surcharge  (in  our  case.  8  ft  of  gravel  or  1000  lb 'ft’)  inhibits  heave,  however,  our  data 
were  all  taken  from  experiment  idly  loaded  sections  oi  silt  which  contained  little  or  no  organic 
material. 


THE  THERMAL  ENVIRONMENT  OF  THE  BOREHOLE  PACKAGE 
AND  PERMAFROST  TEMPERATURES  AT  DEPTH 

Instruments  and  data 

Five  thermistors  were  taped  to  the  borehole  nisi,  ent  package  'Fig.  8b.  87).  The  probes 
have  a  response  of  approximately  800  ohms  C.  and  were  calibrated  at  the  freezing  point  of  phenol, 
the  triple  point  of  water,  and  the  freezing  point  ot  mereiuv.  Calibration  tables  were  generated  in  a 
computer  using  Stanley's  program.*  A  modified  Honeywell  Model  1 07 1 ”>  portable  Wheatstone  bridge 
was  used  to  read  the  probet  in  the  field  by  balancing  it  to  the  nearest  ohm.  Bridge  at  curacy  is 
0.05";  or  *  0.08  ohm  by  calibration.  Self  heating  was  virtually  eliminated  bv  reducing  the  excitation 
voltage  to  0.8  v,  causing  80  microwatts  dissipation  at  the  probe.  The  temperatures  (Tattle  II)  are 
probably  accurate  to  •  0.08  C.  with  the  exception  of  probe  number  819. 

Table  II.  Equilibrium  temperatures  from  thermistor 
probes  on  borehole  package. 
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Equilibrium  temperatures  were  determined  bv  cursory  examination  of  the  data  from  the  field, 
which  showed  that  after  7  June  the  resistances  oi  all  the  probes  became  stable  at  a  constant  value 
within  •  1.0  ohm.  except  lor  number  819  which  showed  an  instubilir.  during  this  time  ot  as  much  as 
*  15  ohms.  7  ohms. 

Analysis 

From  the  theory  ot  heal  conduction  m  solids,  a  model  of  the  depth-temperature  gradient  m 
permafrost  can  be  constructed.  It  is  shown  in  Figure  It)  along  wnh  the  temperatures  observed  on  tie- 
borehole  package.  While  four  equilibrium  temper  at  tires  along  a  path  ot  1.5  ft  t  neglecting  data  Ironi 
probe  819)  are  indeed  sparse  data  with  whir  h  to  establish  temperatures  in  a  permafrost  body  ovei 
180  ft  thick,  other  data  and  a  general  theory  are  available  to  reinforce  out  estimate.  11  the  rocks 
'or  permafrost)  do  not  contain  moving  groundwater  or  other  fluids,  and  have  a  unilortti  value  ol  thcimal 
diffnsivitv,  and  since  the  geothermal  heat  flux  to  the  earth's  surface  at  any  one  location  is  essentially 

•Stanley,  1..K.  (19115)  Calibration  equation  tor  type  .11  11  t  lt  OO  ohms  at  8f>  C,  tvpe  11  materia  >  (lierttilMot 
p  obes.  U.S.  Army  Cold  Regions  Research  and  engineering  Lalair  itory  tl'SA  CRRKI.i  (unpublished!. 

Technical  Note. 
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Ftguic  in.  Ilorel.ole  package  temperatures  .in d  models  ot  the  depth 
ic  in  per  m  urc  curve. 

constant  with  time.  the  temperature  gradient  will  be  linear.*  Data  arc  available  thal  substantiate 
the  assumption  that  the  thermal  ditfusivitv  is  roughly  unitorin  with  depth.  Intercepts  may  be  fixed 
as  billows  the  mean  annual  air  temperature  t  C’  for  Fairbanks)  and  0  C  at  the  bottom  of  the 
peimaliost.  The  tnfoiiiiation  gained  Horn  the  exploratory  hole  shows  that  there  aie  no  moving  fluids 
in  the  permafrost  at  this  location  and  that  the  liottom  of  permafrost  is  at  123  ft.  The  resulting  depth- 
temperature  curve  is  shown  as  the  straight  solid  line  in  Figure  10.  Seasonal  air  temperature 
fluctuations  will  elfect  measurable  ground  teinjieratute  changes  down  to  a  depth  of  about  fiO  ft.* 

These  tempetatures  will  varv  throughout  lb'*  \eai  within  the  approximate  boundaries  marked  minimum 
.inniiu!  temp,  and  maximum  .uinuul  temp.  This  is  the  usual  model  constructed  lor  a  case  such  as  this. 
The  borehole  tankage  lemjx  iatuies  ate  slightly  warmer  than  those  predicted  by  the  simple  model. 

This  model  cm  be  refined  by  taking  the  zero  depth  intercept  as  the  mean  annual  ground  surface 
temporal ut ••  at  this  vegetation  soil  interface,  rather  than  usinp  t.ie  mean  annual  air  temperature  which 
is  obtained  from  data  taken  perhaps  1  ft  above  the  ground.  The  near-surface  ground  temperature  is 
always  slightly  warmer  than  the  mean  annual  air  temperature.  The  dashed  line  m  Figure  -10  is  the 
ground  temperature  curve  constructed  by  connecting  the  liottom  of  permafrost  with  'he  temperatures 
from  the  borehole  package  and  projecting  it  to  the  surface.  This  model  fits  the  data  even  better. 

Note  that  the  upper  four  probes  appear  to  indicate  temperatures  with  the  approptiate  gradient.  There¬ 
fore,  we  can  say  with  reasonable  certainty  that  the  borehole  package  has  been  in  thermal  equilibrium 

‘harhoutimrh,  A. It..  M.C.  Hiewi  .  G.W.  Greene  amt  B.V.  Marshall  r  lO(lL’)  Temperatures  in  permafrost.  In 
Temperature,  Us  measurement  anil  control  in  science  and  industry,  ml.  :i.  Part  I.  New  York:  Reinhottl 
I’ntih stung  Corporation. 
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with  the  surrounding  permafrost  since  early  June  1965  and  can  be  expected  to  remain  so  unless 
disturbed  by  the  activities  of  men.  These  data  are  of  interest  because  we  know  of  no  other  measure¬ 
ment  of  the  thermal  gradient  at  an  undisturbed  site  m  the  Fairbanks  district. 


CONCLUSIONS  AND  RECOMMENDATIONS 

Because  ot  the  change  in  emphasis  dining  the  project,  it  wah  impossible  to  lulfill  the  original 
objectives,  llowevei,  we  can  comment  briefly  m  legaid  to  both  the  original  object ivi  (demonstrating 
tli  ■  leasilulitv  ot  temote  an  tie  eonstiuct ion )  and  the  later  objective  (constructing  the  specific  instal¬ 
lation  near  Fairbanks). 

Constitution  ot  a  liSO  in  marginal  jioimaltost  i  -  jiossible.  construction  m  «  older,  continuous 
jieimaltosi  would  be  easiet.  Constiui  lion  m  one  week's  tune,  although  not  impossible,  would  be 
dill  lcult .  even  it  equipment  and  techniques  weie  gieatlv  refined. 

"Big  hole'-  with  little  tics"  at  accept uhlt  tales  of  jnuietiaiion  are  jiossible  m  almost  any  earth 
mateiial  iiu  lading  lock  and  ]>eimatio/.en  soils  but  eotisuleiahle  develojiment  would  be  required  to 
assure  teasonahle  success  in  a  wide  vanety  ol  subsurface  conditions  with  each  hole  that  was 
attempted. 

The  giavel  till  ajijieais  lobe  t  bet  mall  v  adequate  to  ptoteet  the  instmineiitat  1011  from  temperatuie 
extremes  and  to  jnevent  deleteiiotis  thawing  ol  the  underlying  |>ei mafiosi,  llowevei.  the  difficulty 
ol  obtaining  and  hauling  gia'.el  in  a  i emote  un  tie  onvnonment  and  the  weight  and  size  of  the  equip¬ 
ment  required  to  handle  the  giavel  strongh  suggest  that  some  substitute  is  needed. 

At  least  S  in.  of  settlement  occulted  due  to  the  thawing  of  3  tt  ot  underlying  peat  of  high 
volumetric  ice  content.  This  depth  ot  thaw  was  expected,  however,  the  high  ice  content  was  not. 
While  a  maximum  of  6  in.  of  settlement  was  specified,  the  mine  than  S-m.  settlement  appears  to  have 
caused  no  detrimental  effects.  The  high  ice  content  ot  the  peat  was  overlooked  due  to  the  expedient 
nature  ol  the  exploraloty  dulling.  This  emphasizes  the  need  lot  eat  etui  cote  drilling  prior  to  siting 
and  construction  of  any  ctitieal  or  expensive  stiueture  m  any  geologic  setting. 

Construction  should  be  earned  out  m  winter,  when  the  active  iuver  is  frozen  and  the  ambient 
air  is  at  least  below  'JO  F. 

The  logistic  and  mobility  aspects  of  temote  arctic  construct  ion  would  be  formidable.  All 
facilities  and  equipment  required  (enclosed,  heated  and  lighted  drill  tigs,  shops,  living  and  messing 
facilities,  etc.)  should  be  mounted  on  Hacked  vehicles  oi  tt.u  ked  trailers  towed  by  tracked  prime 
movers,  allowing  construction  to  pioceed  icgardless  ot  environmental  extremes. 

Before  a  commitment  is  made  to  eonstrui  ;  USO’s  m  lemore  arctic  legions,  a  full  scale  practice 
exercise  should  be  implemented  at  a  lemote  site  m  northern  North  Ament  a. 


